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The proportion of total blob area which l s brown blob area may be determined by the steps 
of: 

a) remapping pixel intensifies in the image data to increase the contrast of relatively 
darker image regions and to transform relatively brighter image regions into a conrrast- 

5 free background, 

b) converting the remapped image data into thresholded binary images from which total 
blob area and brown blob area are discernible respectively, and 

c} expressing brown blob area as a proportion of total blob area. 

The step of providing a grading of ER or PR may provide a first contribution thereto and 
10 the method may include: 

a) providing a second contribution to grading of ER or PR by determining the number of 
relatively dark image pixels compared to relati vely bright image pixels and deriving the 
second contribution in accordance with the magnitude of the number of relatively dark 
pixels, and 

15 b) combining the first and second contributions. 

The number of relatively dark image pixels may be determined by transforming the image 
data to a different image space having an intensity image plane and counting the number of 
pixels having intensity below a predetermined intensity threshold. 

In an alternate aspect, the present invention provides computer apparatus for grading ER 
20 and PR from image data obtained from histological slides characterised in that the 
apparatus is programmed to determine the number of relatively dark image pixels 
compared to relatively bright image pixels and to provide a grading of ER or PR in 
accordance with the magnitude of the number of relatively dark pixels. 

The computer apparatus may be programmed to determine the number of relatively dark 
25 hnage pixels by transforming the image data to a different image space having an intensity 
image plane and counting the number of pixels having intensities below a predetermined 
intensity threshold. 
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Id a further alternative aspect, the present invention provides computer apparatus for 
grading ER and PR from image data obtained from histological slides characterised in that 
it is programmed to: 

a) determine the number of pixels m an image having relatively dark intensities compared 
5 to other pixels in an image, 

b) determine pixel number thresholds to quantify grading, and 

c) compare the number of relatively dark pixels with the thresholds and provide a grading 
of ER or PR in accordance therewith. 

In another alternative aspect, the present invention provides computer apparatus for 
10 grading ER and PR from image data obtained from histological slides characterised in that 
it is programmed to: 

a) determine what proportion of total blob area is brown blob area in an image, 

b) determine brown blob area proportion thresholds to quantify grading, and 

c) compare the brown blob area proportion with the thresholds and provide a grading of 
15 ER or PR in accordance therewith. 



The apparatus may be programmed to determine the proportion of total blob area which is 
brown blob area by; 

a) remapping pixel intensities in the image data to increase the contrast of relatively 
darker image regions and to transform relatively brighter image regions into a contrast- 

20 free background, 

b) converting the remapped image data into thresholded binary images from which total 
blob area and brown blob area are discernible respectively, and 

c) expressing brown blob area as a proportion of total blob area. 

The apparatus may be programmed to provide a grading of ER or PR as a first contribution 
25 thereto and also be programmed to: 

a) provide a second contribution to grading of ER or PR by deteintining the number of 
relatively dark image pixels compared to relatively bright image pixels and deriving the 
second contribution in accordance with the magnitude of the number of relatively dark 
pixels, and 

30 b) combine the first and second contributions. 
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Hie apparatus may be programmed to determine the number of relatively dark image 
pixels by transforming the image data to a afferent image space having an intensity image 
plane and counting the number of pixels having intensity below a predetermined intensity 
threshold. 
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In a different aspect, the present invention provides a computer programme for gra ding ER 
and PR from image data obtained from histological slides characterised in that it includes 
instructions for deterrmning the number of relatively dark image pixels compared to 
relatively bright image pixels and providing a grading of ER or PR in accordance with the 
magnitude of the number of relatively dark pixels. 

The programme may includes instructions for determining the number of relatively dark 
image pixels by transforming the image data to a different image space having an intensity 
image plane and counting the number of pixels having intensities below a predetermined 
intensity threshold 

In another different aspect, the present invention provides a computer programme for 
15 grading ER and PR from image data obtained from histological slides characterised in that 
it includes instructions fan 

determining the number of pixels in an image having relatively dark intensities compared 
to other pixels in an image, 

detennkring pixel number thresholds to quantify grading, and 
20 comparing the number of relatively dark pixels with the thresholds and providing a grading 
of ER or PR in accordance therewith. 

In a further different aspect, the present invention provides a computer programme for 
grading ER and PR from image data obtained from histological slides characterised in that 
it includes instructions for 

25 a) determining what proportion of total blob area is brown blob area in an image, 

b) determining brown blob area proportion thresholds to quantify grading, and 

c) comparing the brown blob area proportion with the thresholds and providing a grading 
of ER or PR in accordance therewith. 
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The programme may include instructions for determining the proportion of total blob area 
which is brown blob area, by: 

remapping pixel intensities in the image data to increase the contrast of relatively darker 
image regions and to transform relatively brighter image regions into a contrast-free 
5 background, 

converting the remapped image data into thresholded binary images from which total blob 
area and brown blob area are discernible respectively, and 
expressing brown blob area as a proportion of total blob area. 

The instructions for providing a grading of ER or PR may be for providing a first 
1 0 contribution thereto and the programme may also include instructions for: 

a) providing a second contribution to grading of ER or PR by determining (he number of 
relatively dark image pixels compared to relatively bright image pixels and deriving the 
second contribution in accordance with the magnitude of the number of relatively dark 
pixels, and 

16 b) combining the first and second contributions. 

The programme may include instructions fox determining the number of relatively dark 
image pixels by transfoiming the image data to a different image space having an intensity 
image plane and counting the number of pixels having intensity below a predetermined 
intensity threshold. 

.20 In order that the invention might be more fully understood, embodiments thereof will now 
be described, by way of example only, with reference to the accompanying drawings, in 
which :- 

Figure 1 is a block diagram of a procedure of the invention for grading oestrogen and 
progesterone receptors expression; and 

25 Figure 2 is a block diagram showing part of the procedure of Figure 1 in more detail. 



Referring to Figure 1, there is illustrated a procedure 10 of the invention for grading 
oestrogen (ER) and progesterone (PR) receptors expression in tissue samples presented as 
histopathological slides of potential carcinomas of the breast The procedure iO requires 
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data from histological slides in a suitable form. Sections are taken (cut) from breast tissue 
samples (biopsies) and placed on respective slides. Slides are stained using the ER staining 
ahtibody-peroxidase (P/ER> to assess oestrogen receptor status, which is a stain used to 
indicate uptake of oestrogen. In the present example, image data were obtained by a 
5 pathologist using Zeiss Axioskop microscope with a JOenoptiks Frogres 3012 digital 
camera. Image data from a slide is a set of digital images obtained at a linear magnification 
of40<i.e.40X). 

To select images, a pathologist scans the microscope over a slide, and at 40X 
magnification selects a region (referred to as a tile) of the slide which appears to be most 

1 0 promising in terms of an analysis to be performed. This region i$ then photographed using 
the microscope and digital camera referred to above. The digital camera produces a 
digitised image in three colours, i»e. red, green and blue (R, G & B) intensity values for 
each pixel each in eight bits and therefore in the range 0 to 255: each image is an electronic 
equivalent of a tile* Three intensity values are obtained for each pixel in a pixel array to 

15 provide a colour image as a combination of R, G and B image planes, The image data 
from the tile is stored in a database 12 for later use. Oestrogen (ER) and progesterone (PR) 
receptors expression are determined using a feature detection process 14: this provides a 
score 18 for input to a diagnostic report at 20. 

ER and PR are measured from brown stain characteristics (blob colour intensity and area 
20 ratio) in a specimen produced using tissue staining processes mentioned above. The 
objective of the procedure 10 is to quantify cancer cells' response to oestrogen and 
progesterone: this uses the fact that the more oestrogen or progesterone positive a 
specimen is the greater the intensity and area of its browrj stain. 

In a prior art manual procedure, a clinician places a slide under a microscope and examines 
25 a region of it at magnification of x40 for indications of ER and PR. The prior art nUtrtUal 
procedure for scoring ER and PR involves a pathologist subjectively estimating the stained 
surface area proportion as well as staining intensity. The process described below in thi$ 
example replaces the prior art manual procedure with an objective procedure. 



Referring now ,o Figure 2. fa M „ ahowl , ^ 

res: r - (wm - d — • 

mng *" »°™ed area proportion. ^ ^ , 

the range 0 ro 255 m for theR,GandB image ptal =, ta ^ 
6 sample appear in a variety of er,]^^ ,* . Sue 

reflect aTaW . . ^" " to 35 » 

Jfle« tiua. Blob, appearing mown „ of tatHest ^ 

equal to 255, it appears white in the image. 

CSf: ^ wera ~ ^ —» — - - 

20 Matlab "imadinsr" f» k . roennneo jn the mitia] image I using the 

uab nraajus, ftmotum. whrch map, a i™^ fc,^ ^ 

• Mage planes R, G and B in the range 0 to 100 to fa ft U *j£Z ^ 

omraa, whlK background thoae ptaei, ^ aUthzly „. h 
25 ^'""''^^•W^aferraattonUahovvninTah^ beJT 4 
Table 1: linage transformation 



Input image I: R, GorB pixel value P r 
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The syntax of imadjust for mapping the Input image 1 to an output image K is: 

K = imadjust(];Oowjnhigh_in],[W_outhigfa_out]) (1) 

5 where Iowjn and high_in are the chosen dark intensities 0 and 100 in the input image I 
which are mapped to Iow_out and higb_out 0 and 255 in the output image K at 32, Because 
only relatively darker pixels are retained, it is assumed that they approximately conespond 
to all blobs whether stained or not. A bitmap image is consequently obtained at 34 using 
another Matlab function referred to as "im2bw", which creates from the RGB image K a 
10 binary bitmap image denoted L with pixel values 0 and 1 derived using a luminance 
threshold of 0.9. 

To derive L, the image K is firstly converted from red/green/blue (RGB) to a one colour 
image. In this example the conversion of K is by transformation into a different image 
space hne/saturation/value (HSV). Value is also referred to as brightness, luminance or 

15 intensity. The RGB to HSV transformation is well known and described in more detail cm 
page 77 of Image Based Measurement Systems, F.Van Der Heijden. It will not be 
described further. It is not essential to use HSV, one could select one of the image planes 
or use another known transformation such as principal component analysis (see e.g. 
Jackson JJE., 'A User Guide to Principal Components' pp 1-25, John Wiley & Sons, 1991). 

20 In the present example a one colour image is derived by setting to zero the hue H and 
saturation S components of pixels in the transformation of K, and the value Dominance) 
component V is retained as a grayscales image. V has values in the range 0 tol.O, All 
pixels with a value greater than or equal to 0.9 are <hen set to 1 and those less than 0.9 are 
set to 0: this creates the binary bitmap image L in which pixels of blobs am 0 and 

25 background pixels are t. 

The sum of the areas of all blobs in image I collectively (i.e. whether stained brown or not) 
is denoted by SI. SI is computed by inverting the bitmap image L (exchanging 1 for 0 
pixel values and vice versa) to form an image L" 1 (or "notCD" in Matlab) in which blob 
pixels are value 1; pixels in L* 1 which are not blob pixels are 0. The value 1 pixels in L" 1 
30 are then counted'at 34 to provide SI, which is given in Matlab by the instruction: 



i.e. S.1 = sum(sum(not(L))) 



(2) 
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* areas of a„ b,obs SIataaJ ^ ta taage ! ^ S2 „ now 
taU showed tot ^ jmige plme ^ ^ ^ 

range 0 to 255 to 0 to 1 by division by the maximum of the pixel 
^d — . of *ose c^naUy brow^, The sum S2 of the areas * a,,7o bs 

S2 » sum(sumCnot(M))) 

(3) 



SI and multiplying by l«k 
20 i.e. W = 10OS2/S1 



C4) 
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Table 2; Score for proportion of brown staining: 


W: % of ceils stained brown 


Proportion Score SCI 


0-0.3% 


0 


0.3% <W<1% 


1 


1-10% 


2 


11-333& 


3 


34-66% 


4 


67-100% 


5 
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W. «t aage 40 ta to obtain a acote SC2 for ce» staining intensity. A study ef , m „ 
mal ^ with 5taj „ ing . atenaty fc ^ ^ ^ invention has abown 

the occurrence fr^, of ^ ^ (taensity ^ £ 100) in the ROB 

-« image ! vadea suffi^ wift ^ statatag to ^ , 
techmqae m dus regard. la pabular, ^ £talntag js chaIacteijsed by g ^ 
occurrence frequency « uaterpUato. bu, Ms frequency iaz«o (no darker « whM 
*- « no staining. For wen* to moderate abdnlng. fce fle<JueK!y „ 
Conse^y, I. accordance w„b ^ tavaiara , ^ ^ ^ „ , o fcnn ^ ' 
sbovnug pncel intensity occurence frequency: ,„ achiava this. ^ KGB initial image I 
undergoes an HSV tranefonnauon of ft. ^ described earner. P*el intensities iatav 
(va.ua or inten^y) image plaae of the formed image are than analysed to produce the 

an otdtaate axis ahowtagn^berrf pi^a with ft. inanity abated v*ft fte napective 
bm each case. Baaed on fteo, observations, ft was decided to sum fte nl)mbera of ^ 
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coined ta a sufncien: number ofme ,ower valued (darter, p M intensity bins to ^ , 

a^can, ^ mam, ^ ^ of bins ls not vMy c ^ . n 

»c ta. mat WH6 chosen ^ WM , , o JM hclmiTE ^ ^ 

number 101. Here agarn Matlab functions were oaeri such as "imhis,- retlms 
histogram m bin counB and bin loeauon. as * (ordinate) vaW A Mallab routine was 
written to cany out the summation of pixels la Una 1 to 100. 

The seom SC2 for intodty ataimng was derived using thresholds derived from analysis of 

*bT i° Tar T ^ * e vdue ° f s °- *• «- »— • <* » 

2 '. f NPC1:1,X!> — * *« * MOW and it waa 1 if me ^ „ 

z tr Tt^™ ranse 400 - 2oo °- k * e "** - >«■ *» 

400 sea would be 0 if SCl was 4 or .ess and 1 if SO was 5. «. „ mbuUted below ,„ 



1 5 Table 2: Score forintensity of staining: 



NP(1:100): Namber of Pixels in Bins 1 to 100 I i^T 



> 100,000 
2,001 to 100,000 
400 to 2,000 
<400 
<400 



Any 
Any 
Any 



0to4 



SC2 



Staining 



Strong 



Moderate 
Weak 
Weak 
None 



Having obtained SCI and SC2. they am summed a, 42 to provide an ovemll intermediate 
«» m me range 0 to 8. The overall score is subject to the eondidon that if SCI or SC2 is 
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0, the overall score is aJso set tr> ft tu;* ;« u 

. .. "* t0 °- Tta 13 because » *«o percentage of brown Mobs 

a - PR «. SCI or SC2 aiooa, bot resuIts „ ^ when SC2 
as described above. 



5 In ER and PR delation tore is . conraition ^ „ ^ ^ scm ^ 
m the range o to 3 famtooverall Intemedtaesco* as HUk T ahie4 Wow. 



Overall Intermediate Score 


Overall Final Score 


Endocrine Treatment Prospects 


0 


0 


Failure to respond 


2or3 


1 


Small Chance of Response 


4, 5 or 6 


2 


50% Chance of Response 


7or8 


3 


High Chance of Response 



r^ZT" r ^ 40B ^*- 9 ^ to process, 

ft »■ - — *r =n ovara,, auntor „ 97 ^ for m and ffi J 

ta* prcdaced oy nse of to brvcdon ««, these taases have been JLpJd * 
assets nude manual,, by . _ » * 

STr - — overaH and!™ 

90% a tor agreed widr to fttOtf*, score or differed by no, more ton ,. 

vary da* «. and drose sla tod vary brown. To counteract dds, a conecdon for to 

Z!T r«^ bCM "^^""^ coloradon. Thecorrecdon invotves 
to -*W i-aga , to a hue, satoradon, vaiue CBSV) taa g e of to Hnd 
oeaenbed eadie, Colour percapdon usuaUy rate to three quandtie, tot *« hue 

■ nn rmage and to, ., is of baam fc dimtaJmcbg betireen ^ ■» 
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Hue provides a check on whether blobs treated as being brown are indeed brown, or 
instead dark blue as sometimes happens with badly stained images, A parameter called 
"rep" is obtained by summing the values of pixels of blobs thought to be brown. Blobs 
thought to be brown are indicated by pixels with value 1 in the threaholded binary M" 1 (in 
5 Matlab code M notCM)") previously defined. A hue or H image plane H of I is derived at 44 
for the initial image I by HSV transformation as aforesaid and rejection of the S and V 
values. Each pixel value in H of I is then multiplied by a respective pixel value in the same 
location in M* 1 to yield HB of L All non-blob pixels in HB of I are 0 and all blob pixels 
have respective values as in H of I. The required parameter rep is now obtained at 44 once 

10 more by summing the pixel values in HB of I: this sum - i.e. rep - was observed to vary 
considerably depending on whether blobs have been stained predominantly blue or 
predominantly brown. A small value of rep is usually characteristic of bluish slides while a 
large value of rep is characteristic of brownish slides. Rep therefore provides a test of 
blueness or brownness enabling a correction to be applied to an overall intermediate score 

15 in the range 0 to 8: the correction increases or decreases the overall intermediate score 
according to what rep indicates the associated slide staining colour to be. 

For example, a small value of rep such as 0.05 indicates bluish images not containing 
many brown pixels. An overall intermediate score of 7 for an image associated with a 
small value of rep is corrected at 46 by being decreased by 1 or 2 to reflect the relative 

20 paucity of brown pixels which its rep value indicates: such an image is unlikely to merit an 
overall intermediate score of 7 (overall final score 3) but is more likely to merit an overall 
intermediate score of 6 or 5 (overall corrected final score 2). It has been found that this 
correction improves results for both ER and PR. For PR in particular, 88% of corrected 
overall final scores agreed with the pathologist's manual result, and none differed from the 

25 latter by more than 1. Since pathologist's manual results can be up to 30% in error as 
mentioned earlier, the difference may not be statistically significant. However, these 
results were obtained using a limited data set. It is desirable to verify the procedure of Hie 
invention using more images, laboratories and staining procedures. 

The example of the invention in the foregoing description can clearly be implemented by 
30 an appropriate computer program comprising program instructions recorded on an 
appropriate carrier medium and running on a conventional computer system. As described, 
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much of me pmgm n mjute^^ „ avsaaHeill ^ — can 
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matomagmtadeofthenumbwofrektivelydaitpixeb. 

A method acconhog ,„ data t cta^ m m ^ ^ rf ^ 

.""r* * * - — - a dUta* image 

=0 intensity image plaM „„ ^ fc numte rf ^ 

■measraes beiow a predetemrined intensity threshold. 

A^ctad of grading ER and FR from image data obtained iron, hiaoiogicai .hdes 
characlensedinthalitincIndKtkostcpsof: 

a) defining to nmnber „ ^ fa ^ ^ ^ 

intensities compared to other pixels in an image, 

b) determining pixel nunAer thresholds to gnantify grading, ami 

O comparing me nmnber rf ^ ^ ^ ^ ^ 

Providing a grading of ER or PR to accordance then™**. 

A method of grading ER and PR from image data obtained from bisroiogical ahdes 
charactered in that it inclndes the steps 06 

a) detonwag what proportion of tote, blob a™ ie bro W n Hob area in an 
image, 

b) d ^nj ning br0 wn ^ 
O comparing the brown blob an* proportion with the thresholds aad priding 

a grading of ER or PR in accordance therewith. 

It! ~ § tD 4 Ch ~ Bd * "* ~- of total blob 

*» whach is brown blob area is determined by the steps of: 




7. 



8. 



10. 
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a) 

b) 
c) 



capping pixel iate^ties in the image ^ tQ fte rf 

xelatively darker image regions and to transform relatively brighter image 
regions into a contrast-fee background, 

converting the remapped image data into thresholded binary images from 
wmch total blob area and brown blob ar*a are discernibJe respectively, and 
expressing brown blob area as a proportion of total blob area. 

A method according to Claim 3, 4 or 5 characterised in that the step of providing a 
grading of ER or PR provides a first contribution thereto and the method includes- 

a) providing a second contribution to grading of ER or PR by determining the 
number of relatively dark image pixels compared to relatively bright image 
inxels and deriving the second contribution in accordance with the 
magnitude of the number of relatively daric pixels, and 

b) combining the first and second contributions. 

A method according to Claim « characterised in that the number of relatively daric 
-age pixels is determined by transforming the image data to a different image 
space having an intensity image plane and counting the number of pixels having 
intensity below a predetermined intensity threshold. 

Computer apparatus for grading ER and PR thorn image data obtained W 
fcstologreal shdes characterised in that *e apparatus is programmed to determine 
the number of relatively daric image pixels compared to relatively bright image 
Pixels and to provide a grading of ER or PR in accordance with the magnitude of 
the number of relatively dark pixels. 

Apparatus according to Claim 8 characterised in that it is programmed to determine 
*e number of relatively dark image pixels by transforming the image data to a 
different ,mage space having an intensity image plane and counting the number of 
Pixels having intensities below a predetermined intensity threshold. 

Apparatus for grading ER and PR from image data obtained from histological slides 
characiensedinthatitisprograa^edto. * W§ 



tu ljt\ rniciNi 



o 



11. 



12. 



is 



a) determine the number of pixels in an image having relatively dark 
intensities compared to other pixels in an image, 

b) determine pixel number thresholds to quantify grading, and 

c) compare the number of relatively dark pixels with the thresholds and 
provide a grading of ER or PR in accordance therewith. 

Apparatus for grading ER and PR from image data obtained from histological 
slides characterised m that it is programmed to: 

a) determine what proportion of total blob area is brown blob area in an image, 

b) determine brown blob area proportion thresholds to quantify grading, and 

c) compare the brown blob area proportion with the thresholds and provide a 
grading of ER or PR in accordance therewith. 

Apparatus according to Claim 11 characterised in that it is programmed to 
determine the proportion of total blob area which is brown blob area by: 

a) remapping pixel intensities in the image data to increase the contrast of 
relatively darker image regions and to transform relatively brighter image 
regions into a contrast-free background, 

b) converting the remapped image data into thresholded binary images from 
which total blob area and brown blob area are discernible respectively, and 

c) expressing brown blob area as a proportion of total blob area, 

13. Apparatus according to Claim 10, 11 or 12 characterised in that it is programmed to 
provide a grading of ER or PR as a first contribution thereto it is also programmed 
to: 

a) provide a second contribution to grading of ER or PR by determining the 
number of relatively dark image pixels compared to relatively bright image 
pixels and deriving the second contribution in accordance with the 
magnitude of the number of relatively dark pixels, and 

b) combine the first and second contributions. 

14. Apparatus according to Claim 13 characterised in that it is programmed to 
determine the number of relatively dark image pixels by transforming the image 



19 



data to a different image space having an intensity image plane and counting the 
number of pixels having intensity below a predetermined intensity threshold. 

15, A computer programme for grading ER and PR from image data obtained from 
histological slides characterised in that it includes instructions for determining the 
number of relatively dark image pixels compared to relatively bright image pixels 
and providing a grading of ER or PR in accordance with the magnitude of the 
number of relatively dark pixels. 

16, A programme according to Claim 15 characterised in that it includes instructions 
for determining the number of relatively dark image pixels by transforming the 
image data to a different image space having an intensity image plane and counting 
the number of pixels having intensities below a predetermined intensity threshold 

17. A computer programme for grading ER and PR from image data obtained from 
histological slides characterised in that it includes instructions for: 

a) detemuning the number of pixels in an image having relatively dark 
intensities compared to other pixels in an image, 

b) determining pixel number thresholds to quantify grading, and 

c) comparing the number of relatively dark pixels with the thresholds and 
providing a grading of ER or PR in accordance therewith. 

18. A computer programme for grading ER and PR from image data obtained from 
histological slides characterised in that it includes instructions fon 

a) determining what proportion of total blob area is brown blob area in an 
image, 

b) determining brown blob area proportion thresholds to quantify grading, and 

c) • comparing the brown blob area proportion with the thresholds and providing 

a grading of ER or PR in accordance therewith. 



19. 



A programme according to Claim 18 characterised In that it includes instructions 
for determining the proportion of total blob area which is brown blob area by; 
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a) remapping pixel intensities in the image data to increase the contrast of 
relatively darker image regions and to transform relatively brighter image 
regions into a contrast-free background, 

b) converting the remapped image data into thresholded binary images from 
which total blob area and brown blob area are discernible respectively, and 

c) expressing brown blob area as a proportion of total blob area, 

20. A programme according to Claim 17, IS or 19 characterised in that the instructions 
for providing a grading of ER or PR are for providing a first contribution thereto 
and it also includes instructions for: 

a) providing a second contribution to grading of ER or PR by detennining the 
number of relatively dark image pixels compared to relatively bright image 
pixels and deriving the second contribution in accordance with the 
magni tude of the number of relatively dart pixels, and 

b) combining the first and second contributions. 



A programme according to Claim 20 characterised in that it includes instructions 
for determining the number of relatively dark image pixels by transforming the 
image data to a different image space having an intensity image plane and counting 
the number of pixels having intensity below a predetermined intensity threshold. 
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ABSTRACT 
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A method of grading Oestrogen and Progesterone Receptors expression (ER and PR) from 
histological images determines the percentage of brown image blob area in total blob area 
and derives percentage thresholds to quantify grading. Brown blob area proportion is then 
compared with the thresholds to provide- a first contribution to grading of ER or PR, The 
number of relatively dark pixels is then counted, pixel number thresholds are determined to 
quantify grading, and the number of relatively dark pixels is compared with the thresholds 
to provide a second contribution to grading of ER or PR. The two contributions are then 
added to provide an overall grading, which is then scaled to the conventional range 0 to 3, 
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Figure 1 



RGB Input Image I 
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Increase dark contrast in J, produce image K 
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T 



V Transform of K, apply 0,9 threshold to derive 
Images L, L" , count blob pixels = SI 



M 



Convert K Woe plane to 0 to 1 , apply 0.S5 tin-eshoUta 
derive images M, M" ; count brown blob pixels = S2 
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W = 1Q0(S2/S1)%; convert W to 0 to 5 range 
to derive SCl 
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Derive cell staining intensity SC2 by thresholding' 
V transform of I and counting darker pixels 



40 



n 



Add SCI and SC2 
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Correct SCI + SC2 wife iep and convert to 0 to 3 
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Figure 2 
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